Eye fixation patterns for older adults and young adults were monitored as they read sentences containing temporary syntactic ambiguities such as "The experienced soldiers warned about the dangers conducted the midnight raid." Young and older adults' fixation patterns were similar except that older adults made many more regressions to the Subject NP for ambiguous sentences. In a second experiment, high and low span older adults were compared to high and low young adults. First pass fixation times for high and low span readers were similar; however, high and low span readers adopted different processing strategies when they encountered disambiguating information. High span readers were able to quickly resolve the ambiguity whereas low span readers required many regressions to the Subject NP in order to resolve the ambiguity. As a consequence, total fixation times for low span readers were longer than those for high span readers. High span readers were also able to use the focus operator ONLY (e.g., "Only experienced soldiers warned about the dangers…") to immediately resolve the temporary ambiguity. No age group differences were observed. These results are discussed with reference to contemporary theories of the role of working memory in sentence processing.
Regressions were expected to reflect breakdowns of immediate processing, peaking whenever readers were unable to assign a syntactic interpretation (Ehrlich & Rayner, 1983; Frazier & Rayner, 1982; Kennedy, 1983) . According to the Just and Carpenter (1972) model, regressions to previous parts of the sentence were expected to peak for older readers when they encounter the second verb of ambiguous RRC sentences and reread previous parts of the sentence in order to re-analyze the first verb phrase. The target "landing site" of the regression was expected to indicate whether they resorted to re-reading the entire sentence, by regressing to the subject noun phrase, or to re-reading just the critical first verb phrase. Young readers may also make regressions to previous parts of the sentence when they encounter disambiguating information in MV and RRC sentences. Total fixation times were assumed to reflect the time course of immediate processing as well as any re-processing of the sentence in whole or in part following regressions. Older adults were expected to spend more time re-reading the initial parts of ambiguous RRC sentences in order to correctly re-interpret the first verb phrase as a reduced relative clause.
Method

Participants.
Ten older adults and ten young adults participated. All older participants were community-dwelling adults who were recruited from a registry of prior research participants. All young participants were collegestudents recruited via postings on campus bulletin boards and class announcements. All participants were monolingual speakers of English. All were paid a modest honorium for their participation. The participants are described more fully in Table 1 . Based on a 2-way ANOVA comparing age groups, the participants did not differ in educational level although they did differ in working memory span as measured by the Digits Forward and Digits Backwards tests from the Wechsler Adult Intelligence Scales-Revised (Wechsler, 1958) and the Daneman and Carpenter reading test (Daneman & Carpenter, 1970 ). An α level of .05 was set for this and all subsequent t and F tests.
Materials.
The MV/RRC sentences were originally developed by MacDonald et al. (1992) and supplemented by Kemtes & Kemper (1997) . The critical contrast is between sentences 1a and 1b: in 1a, the sentence ends in a prepositional phrase (PP) whereas the sentence in 1b ends with a second verb predicate (2 nd V). Hence, in 1a, the first verb is initially and correctly interpreted as a main verb (MV); in 1b, that initial main verb interpretation of the first verb must be re-analyzed as a reduced relative clause (RRC) once the disambiguating second verb is encountered. Sentences 1c and 1d serve as controls. Sentence 1c is an unambiguous main verb sentence; the verb cannot be used in a reduced relative clause. Sentence 1d is an unambiguous reduced relative clause sentence; the relative pronoun who serves to immediately disambiguate its structure. Each sentence was divided into 3 critical regions: the subject noun phrase (Subject NP), the first verb phrase (1 st VP), the second verb phrase or prepositional phrase (2 nd VP/PP). These critical regions were used in the analysis of the eye movement data.
1. SUBJECT NP |1 st VP |2 nd V / PP a The experienced soldiers | warned about the dangers | before the midnight raid. b The experienced soldiers | warned about the dangers | conducted the midnight raid. c The experienced soldiers | spoke about the dangers | before the midnight raid. d The experienced soldiers | who were told about the dangers | conducted the midnight raid. . Eye fixation patterns of high and low span young and older adults: Down the garden path and back again. Psychology and Aging, 19, [157] [158] [159] [160] [161] [162] [163] [164] [165] [166] [167] [168] [169] [170] .. Publisher's official version: http://psycnet.apa.org/doi/10.1037/0882-7974.19.1.157. Open Access version: http://kuscholarworks.ku.edu/dspace/.
There were 40 sets of MV/RRC sentences. They were assigned to 4 stimulus lists such that each list contained 10 examples of each type (a-d) of MV/RRC sentence but only 1 sentence from each set. In addition to the experimental sentences, each list contained 60 filler sentences of various syntactic forms. Unlike the studies of Caplan (2001 & , only grammatically well-formed, semantically acceptable sentences were used in the reading study. The lists were randomized and each was broken into 2 blocks of 50 sentences.
Procedure and Apparatus.
Participants were first acquainted with the equipment and then given a block of 20 practice sentences to read. Each participant was assigned randomly to 1 of 4 stimulus lists. Then 2 blocks of sentences were presented; order of the blocks was counter-balanced across participants.
Each trial consisted of a fixation point centered on a blank screen for 500 msec followed automatically by the presentation of a sentence. The participants controlled presentation by pressing the mouse when they had completed reading the sentence. Participants sat in an adjustable chair with a head rest. They wore reading glasses if they normally did so. The chair could be raised or lowered to accommodate to bi-or tri-focals. The participants also wore a visor with an small magnetic sensor attached. The sensor was interfaced with a headtracker to monitor head movements. The sentences were presented in a 17 in flat panel computer screen at a viewing distance of 16 in. The fixation point an stimulus items were presented in white (125.5 lux) on a black background (0.03 lux) to maximize pupil size. Text was presented in Arial typeface with a mean size for individual letters of 0.57 ο . The participants held a computer mouse in their preferred hand which was used to control sentence presentation. An Applied Sciences Laboratories eye tracker (Model 504) with a magnetic headtracker was used to record eye movements. Eye movements were sampled 60 times per sec with an accuracy rating of 0.5 ο visual
angle. This translates to approximately 0.5 to 1 cm accuracy at 16 in. The headtracker noted displacements of the sensor attached to the readers' visor relative to a base unit and corrected the record of eye movements for head movements. Head movements were sampled 100 times per sec with an accuracy of 0.03 ο at 12 in. Stimuli were presented using GazeTracker software (Lankford, 2001 ) which also analyzed the eye movement data. The eyetracker was calibrated at the start of each session and between blocks for each participant. One microcomputer controlled the eye tracker; it was interfaced with a second computer running the GazeTracker software for presentation and analysis. Sentences were segmented into critical regions as in example (1). Two measures were computed for each critical region: the duration of the first pass fixations to the region and the total duration of all fixations to a region. First pass fixation duration is the sum of all fixations to a region beginning with the initial fixation inside a region and ending with the first fixation outside the region to leftward to a prior region or rightward to a successive region. Total fixation duration included all first-pass fixations as well as any fixations resulting from regressions to the region or subsequent re-fixation after a leftward or rightward fixation to another region. In addition, first pass regressions from one region leftward to a previous region were also identified. The total number of first pass regressions to the Subject NP from subsequent regions was determined; regressions to other regions were infrequent (< 5% of all regressions) and were not analyzed further although they did contribute to the calculation of total fixation durations. Fixations were defined as a minimum of two successive eye positions occurring with a fixation diameter of 30 pixels.
Since the critical regions differed in length, the fixation durations were analyzed in two ways. First, they were converted to msec per character (letters and spaces), yielding first pass fixation time in msec/character and total fixation time in msec/character. Second, following Trueswell, Tanenhaus, & Garnsey, 1994 , the fixation durations for each participant were first regressed on the number of characters (letters and spaces) in each region and then the residuals, reflecting length-corrected reading times, were used in the second analysis. Both approaches yielded equivalent results but only those using the msec/character times are presented. Appendix A presents raw, unadjusted first pass and total fixation durations.
Data from 4% of the experimental sentences was lost due to eye blinks, large head movements, or other eye tracking failures.
Results
The analysis of the MV/RRC sentences involved 3 measures: first pass fixation times, regressions to the Subject NP, and total fixation times. An omnibus ANOVA with age group, critical region, sentence type, and ambiguity is reported followed by a region-by-region decomposition of significant effects and interactions. Lower-order main effects and interactions subsumed by higher order interactions are not reported.
First Pass Fixation Time. A 2 (age group) x 3 (region) x 2 (sentence type) x 2 (ambiguity) ANOVAs compared first pass fixation times. The results are summarized in Figure 1 . The 4-way interaction was significant, F(2, 16) = 6.257, p = .010, η 2 = .439. At region 1, the Subject NP, there were no significant effects or interactions: first pass fixation time did not vary (M = 31.52 msec/character, SE = 0.32) with age group, ambiguity, or sentence type. At region 2, only the main effect of age group was significant, F(1, 18) = 21.519, p < .001, η 2 = .559. Older adults read region 2 more slowly (M = 33.42, SE = .58) than young adults (M = 27.63, SE = .43). At region 3, the 2 nd V/PP, the two-way interaction of sentence type and ambiguity, F(1, 18) = 28.758, p < .001, η 2 = .628. First pass fixations to region 3 by young and older adults were longer for ambiguous RRC sentences (M = 44.41, SE = 0.84) than for the other three types of sentences (M = 34.42, SE = 0.77).
Regressions to the Subject NP. A 2 (age group) x 2 (region) x 2 (sentence type) x 2 (ambiguity) ANOVAs compared the total number of regressions to the Subject NP from the other two critical regions, the 1 st VP and the 2 nd V/PP. The results are summarized in Figure 2 . The 2-way interaction of age group and ambiguity was significant . Eye fixation patterns of high and low span young and older adults: Down the garden path and back again. Psychology and Aging, 19, [157] [158] [159] [160] [161] [162] [163] [164] [165] [166] [167] [168] [169] [170] At region 3, first pass fixations by older adults to RRC sentences with temporary syntactic ambiguities were longer than those to MV sentences or unambiguous control sentences. First pass fixations by young adults did not vary with sentence type or ambiguity. Older adults also made many regressions to the Subject NP from regions 2, the 1 st VP, and region 3, the 2 nd V/PP, in order to interpret the ambiguous sentences. These regressions contributed to the increase in total fixation times for older adults for regions 1 and 2 of the ambiguous RRC sentences. Young adults made few regressions back to the Subject NP. Total fixation times for both young and older adults were longer for the ambiguous RRC sentences at region 3, corresponding to the disambiguating information. These results are not fully consistent with either the CC model of Just and Carpenter (1992) (also the 3CAPS model of Just & Varma, 2002) or the SLIR model of Waters and Caplan (1996) . According to the CC model fixation patterns by young and older adults should differ, reflecting the effects of working memory limitations on sentence processing. The similarity of the first pass fixations and total fixation times for young and older adults for MV and RRC sentences does not support the CC model; both young and older adults experienced a garden path effect for the RRC sentences at region 3. The regression data do support the Just and Carpenter model since young adults were able to revolve the temporary syntactic ambiguity without re-reading the sentence, presumably by drawing on information in working memory, whereas the older adults could do so only by rereading the sentence.
Nor are the results fully consistent with the SLIR model. This model holds that there is a specialized working memory system for interpretative processing that is at least partially distinct from a more general working memory system involved in post-interpretative processing. The similarity of first pass fixations for young and older readers does support the Waters and Caplan model. The regression data do not. Waters and Caplan have never discussed the role of regressive eye fixations with regards to interpretative versus postinterpretative processes. If regressive eye movements reflect interpretative processes, the regressions to the Subject NP from regions 2 and 3 in ambiguous sentences, by older adults would be inconsistent with the SLIR model. Alternatively, regressions and total fixation times may reflect post-interpretative processes and thus the age group differences in fixations from regions 2 and 3 to the Subject NP, and the resulting increase in total fixation times for these regions, would be consistent with the SLIR model.
Experiment II
In order to clearly determine the role of working memory limitations in sentence processing, eye fixation patterns of high and low span older adults were compared to those of high and low span young adults. In order to clearly establish the role of working memory in sentence processing, an "excluded middle" design was used to select a group of high span older adults and a group of low span older adults, excluding older adults with intermediate memory spans. Then high and low span young adults were carefully selected to match the span scores of the two groups of older adults. Age group differences were expected to be minimized in Experiment II if working memory capacity is a primary determinate of older adults' reading problems. If so, the high and low span groups should differ in fixation patterns according to the CC model. If working memory capacity does not . Eye fixation patterns of high and low span young and older adults: Down the garden path and back again. Psychology and Aging, 19, [157] [158] [159] [160] [161] [162] [163] [164] [165] [166] [167] [168] [169] [170] .. Publisher's official version: http://psycnet.apa.org/doi/10.1037/0882-7974.19.1.157. Open Access version: http://kuscholarworks.ku.edu/dspace/. affect sentence processing, high and low span groups should exhibit similar fixation patterns, according the SSIR model.
In addition to the MV/RRC sentences used in the first experiment, a second type of reduced relative clause sentence was used to assess the participants' sensitivity to a subtle grammatical contrast in ambiguity. These sentences contrasting two types of reduced relative clause constructions, ones marked by the determine "the" versus ones marked by the focus operator "only" (Kemtes, 1998; Ni et al., 1996) . The focus operator sets up an expectation of contrasting set, blocking the main verb interpretation, as in "Only businessmen loaned money at low interest rates…" Ni et al. claim that this contrast is semantic or referential and biases the initial interpretation of the verb as a reduced relative clause. Ni et al. reported that high span readers did not experience a garden path effect for ONLY sentences whereas low span readers had equivalent first pass fixation times for THE and ONLY sentences.
Experiment I did not investigate whether young and older readers differed in their comprehension of MV and RRC sentences. In Experiment II, probe questions were inserted after 50% of the sentences to monitor the participants' comprehension.
Method Participants.
A group of 24 older adults were given a battery of working memory tests (described below). Based on their performance on these tests, 8 high span and 8 low span older adults were selected for inclusion in the reading study. The 8 older adults with the highest span scores, on at least 3 of 4 measures, and the 8 older adults with the lowest span scores, on at least 3 of 4 measures, were selected. From a group of 32 young adults who were also given the battery of working memory tests, 8 high span and 8 low span young adults were selected to match the distributions of the groups of high and low span older adults on the working memory battery. Ten very high span young adults, who working memory scores fell above of the range of scores by the older adults on at least 3 of the 4 span measures, were excluded. In addition, 6 young adults were excluded because their scores were intermediate between those of the high and low span older adults. All older participants were community-dwelling adults who were recruited from a registry of prior research participants. All young participants were college-students recruited via postings on campus bulletin boards and class announcements. All participants were monolingual speakers of English. All were paid a modest honorium for their participation. The participants are described more fully in Table 2 . Based on a 2 x 2 ANOVA comparing age groups and span groups, the participants did not differ in educational level.
Insert Table 2 here The participants were also given a survey of reading habits, eliciting information on how many hours per week they spent reading and what types of materials they read. The age groups and span groups did not differ in how much reading they did per week (M = 28 hours/week, SD = 8.3). The age groups did differ in how they distributed these hours across different types of reading materials: not surprisingly, the young adults reported reading college text books as well as readings assigned by their classes including literary works such as novels and plays as well as books on contemporary social issues. The older adults reported more newspaper and magazine reading, and reading of historical nonfiction. The older adults (M = 35.6 of 40 correct, SD = 3.8) did score higher on the vocabulary test than the young adults (M = 30.6, SD = 2.8), F(1,28) = 15.099, p = .001, η 2 = .962; the span group main effect and the age group by span group interaction were not significant. Working Memory measures. . Eye fixation patterns of high and low span young and older adults: Down the garden path and back again. Psychology and Aging, 19, [157] [158] [159] [160] [161] [162] [163] [164] [165] [166] [167] [168] [169] [170] .. Publisher's official version: http://psycnet.apa.org/doi/10.1037/0882-7974.19.1.157. Open Access version: http://kuscholarworks.ku.edu/dspace/.
The battery of working memory tests including the Digits Forward and Digits Backwards tests from the Wechsler Adult Intelligence Scales-Revised (Wechsler, 1958) as well as the Daneman and Carpenter reading test (Daneman & Carpenter, 1970) . In addition, a grammaticality judgment test modeled after that of Waters and Caplan (1996a & b) was administered. Grammatically acceptable sentences, e.g., It was the mother that carried the baby, and unacceptable sentences, e.g., It was the baby that carried the mother, were presented one at a time on a computer screen. Participants were timed as they decided whether or not the sentence "makes sense." Response time and accuracy were recorded. The sentences were also divided into sets of increasing length, as in the Daneman and Carpenter test. After the final sentence in each set had been presented, participants were asked to recall the final word of each sentence in the set. Thus, this test yields 3 measures, a span measure, referred to the W & C span, a reaction time measure, W & C RT, and an accuracy score, W & C accuracy. Waters and Caplan also computed a composite measure, Comp Z, by converting each score to a zscore and averaging the 3 z-scores; this composite was not used in the present study. All of the working memory measures were highly correlated and the W & C accuracy measure was highly correlated with the participants' educational level and vocabulary scores, see Table 3 . These correlations are based on the entire sample of 24 older adults and 36 young adults who were screened for participation in the reading study.
A series of 2 x 2 ANOVAs was conducted to compare the participants based on age group and span group. High and low span groups did differ on the 4 span measures (Digits Forward, Digits Backward, reading span, W & C span), all F(1, 28) > 11.532, p < . 
Materials.
Two types of sentences were used in the study. In addition to the MV/RRC sentences used in the first experiment, a second type of sentence was also used. The second type also contained temporary syntactic ambiguities distinguished by the use of the or only in the initial subject noun phrase (THE/ONLY sentences). They were originally developed by Ni et al. (1996) . They differ somewhat in their internal phrase structure and decomposition into critical regions from the MacDonald et al. sentences. The critical contrast is between sentences 2a and 2b; each contains a reduced relative clause followed by a main verb. The quantifier Only in 2b, according to Ni et al., serves to block the ambiguity by focusing the interpretation of the subject noun phrase on a subset of the Subject NP; that subset is denoted by the following expression, the 1 st Verb. Hence, hence, the first verb is immediately interpreted as a reduced relative modifying the subject noun phrase, not as a main verb. Sentences 2c and 2d are controls; both contain unambiguous reduced relative clause sentences (the main verb interpretation of the first verb is blocked by its morphological form). Caplan (2001 & , only grammatically well-formed, semantically acceptable sentences were used in the reading study. The lists were randomized and each was broken into 4 blocks of 50 sentences.
Probe questions were inserted after 50% of the sentences, randomly selected. The probe questions for the fillers and control sentences tested for comprehension of the main verb or sentence predicate. "Don't know" was the correct answer to 10% of the probe questions about filler sentences. The probe questions for the experimental MV/RRC sentences tested for the correct interpretation of the first verb phrase. Thus for 1a and 1b, the probe as "Who warned about the dangers?" For 1a, it is correctly answered by "the soldiers" indicating a main verb interpretation; for 1b, answering "the soldiers" indicates an incorrect main verb interpretation. Correct answers to 1b were " don't know" or "someone else." There were two types of questions for the THE/ONLY sentences. One-half probed for correct interpretation of the first verb phrase. For 2a and 2b, the probe was "Who loaned the money?" Answering "the businessmen" indicates an incorrect main verb interpretation in either case. Correct answers for 2a or 2b were "the bank," "don't know," or "someone else." The second type of question for the THE/ONLY sentences probed for correct interpretation of the second verb phrase. For 2a and 2b, the probe was "Who recorded their expenses?" The correct answer was "the businessmen." Procedure Testing took place over two days. On the first day, participants were given the battery of working memory tests. Those selected for inclusion in the high or low span groups were then invited back for a second day. The reading study was administered on the second day. Participants were first acquainted with the equipment and then given a block of 20 practice sentences to read; probe questions accompanied 50%. The experimenter recorded the participants' responses to the probe questions. Each participant was assigned randomly to 1 of 4 stimulus lists. Then 4 blocks of 50 sentences were presented; blocks were counter-balanced across participants. Other details of the presentation and analysis of eye fixation patterns were the same as those followed in Experiment I. As in Experiment I, first pass and total fixation times were analyzed using two approaches: first in terms of msec/character times and second, in terms of length-adjusted residual reading times. These approaches yielded equivalent results and only the first set of analyses are reported. Unadjusted, raw first pass and total fixation times are given in Appendix B.
Results
The MV/RRC sentences and THE/ONLY sentences were analyzed separately. Each analysis involved 4 measures: first pass fixation times, regressions to the Subject NP, total fixation times, and accuracy in answering the probe questions. An omnibus ANOVA with age group, critical region, sentence type, and ambiguity is reported followed by a region-by-region decomposition of significant effects and interactions. Lower-order main effects and interactions subsumed by higher order interactions are not reported. Note: none of the main effects for age group and interactions involving this factor were significant. MV/RRC sentences 1 First Pass Fixation Time. A 2 (span group) x 2 (age group) x 3 (region) x 2 (sentence type) x 2 (ambiguity) ANOVAs compared first pass fixation times for the 3 critical regions. The results are summarized in Figure 4 . The results are summarized in Figure 6 . The 4-way interaction of span group, region, sentence type, and ambiguity was significant, F(2, 27) = 8.733, p = .001, η 2 = .393. At the first region, the Subject NP, the sentence type by ambiguity by span group interaction was significant, F(1, 28) = 9.437, p = .004, η 2 = .239. Total fixation time for high span readers did not vary with sentence type or ambiguity (M = 33.97, SE = 0.94) and total fixation times for high span readers were shorter than those for low span readers (M = 39.90, SE = 0.92). Total fixation times to the Subject NP for low span readers for ambiguous RRC sentences were inflated by regressions to this region from regions 2 and 3. As a result total fixation times for low span readers to ambiguous RRC sentences were longer (M = 54.06, SE = 1.52) than those for the other types of sentences (M = 43.13, SE = 1.89). Total fixation times for region 2, the 1 st VP, followed a similar pattern. The sentence type by ambiguity by span group interaction was significant, F(1, 28) = 9.688, p = .004, η 2 = .244. Total fixation times for high span readers did not vary with sentence type or ambiguity (M = 34.00, SE = 0.80). Total fixation times to the 1 st VP for low span readers for ambiguous RRC sentences were inflated by re-fixations to this region following regressions to the Subject NP. As a result, total fixation times for low span readers to ambiguous RRC sentences were longer (M = 54.69.06, SE = 0.95) than for the other types of sentences (M = 44.53, SE = 2.24). In the analysis of total fixation times for region 3, the 2 nd V/PP, the sentence type by ambiguity Table 4 . The type by ambiguity by span interaction was significant, F(1, 28) = 10.968, p < .001, η 2 = .281. High span readers answered 88% of the questions correctly regardless of sentence type or ambiguity. Low span readers answered 76% correctly for questions about ambiguous and unambiguous MV sentences and unambiguous RRC sentences. Low span readers answered only 54% of the probe questions about the ambiguous RRC sentences. Note that . Eye fixation patterns of high and low span young and older adults: Down the garden path and back again. Psychology and Aging, 19, [157] [158] [159] [160] [161] [162] [163] [164] [165] [166] [167] [168] [169] [170] disambiguates the syntactic role of the 1 st VP in region 2. At region 3, first pass fixations by both high and low span readers to RRC sentences with temporary syntactic ambiguities were longer than those to MV sentences or unambiguous control sentences. Low span readers encountered difficulty interpreting the ambiguous MV and RRC sentences and made many regressions to the Subject NP in order to interpret the 1 st V and 2 nd V/PP regions.
Their total fixation times were inflated, particularly for regions 1 and 2 of the ambiguous RRC sentences. Total fixation times for all readers were longer for region 3, corresponding to the disambiguating information. Despite their attempts to resolve the ambiguity by making regressions to the Subject NP, low span readers often did not correctly interpret the RRC sentences as indicated by their responses to the probe questions. Although high and low span readers produced different patterns of eye fixations while reading MV/RRC sentence, those of young and older adults were similar when matched for memory span. Regressions to the Subject NP. Three 2 (span group) x 2 (age group) x 3 (region) x 2 (sentence type) x 2 (ambiguity) ANOVAs compared the total number of regressions to the Subject NP from the other three critical regions, the 1 st VP, the 2 nd V, and the 2 nd VP. The results are summarized in Figure 8 . The 3-way span group by . Eye fixation patterns of high and low span young and older adults: Down the garden path and back again. Psychology and Aging, 19, [157] [158] [159] [160] [161] [162] [163] [164] [165] [166] [167] [168] [169] [170] Probe questions. The two types of probe questions were analyzed separately. A 2 (age group) x 2 (span group) x 2 (sentence type ) x 2 (ambiguity) ANOVA was used to analyze the percentage of probe questions about the first verb which were answered correctly. For the first probe question about the 1 st VP, the ambiguity by span interaction was significant, F(1, 28) = 57.869, p < .001, η 2 = .870. High span readers answered correctly 94% of the questions about unambiguous sentences and ambiguous THE/ONLY sentences. Low span readers answered correctly 90% of the questions about unambiguous sentences correctly but only 45% of the questions . Eye fixation patterns of high and low span young and older adults: Down the garden path and back again. Psychology and Aging, 19, [157] [158] [159] [160] [161] [162] [163] [164] [165] [166] [167] [168] [169] [170] .. Publisher's official version: http://psycnet.apa.org/doi/10.1037/0882-7974.19.1.157. Open Access version: http://kuscholarworks.ku.edu/dspace/.
about ambiguous sentences. Note that the correct answer to the first probe question was "Don't know." The results are reported in Table 5 . For the second probe question about the 2 nd VP, only the main effect of sentence type was significant, F(1, 28) = 8.795, p = .006, η 2 = .239. Readers answered correctly 94% of the questions about THE sentences but only 87% of the questions about ONLY sentences. Summary. When the quantifier ONLY is first encountered, first pass fixations by high span readers tended to be longer than those by the low span readers. When the ambiguity is resolved, in region 3 by the 2 nd V, first pass fixations by both high and low span readers to ambiguous THE sentences with temporary syntactic ambiguities were longer than those to unambiguous THE sentences. High span readers were able to avoid this ambiguity effect at region 3 for ONLY sentences, because they had allocated more time to region 1 for ONLY sentences. Low span readers did not take advantage of the ONLY quantifier; consequently their first pass fixation times for region 3 of ambiguous ONLY and ambiguous THE sentences were similar. Low span readers encountered difficulty interpreting the ambiguous sentences and made many regressions to the Subject NP in order to interpret the 1 st V and 2 nd VP regions. As a result, their total fixation times were inflated, particularly for regions 1 and 2 of the ambiguous sentences. High span readers often incorrectly interpreted the ambiguous THE sentences but were able to use the ONLY quantifier to focus on the correct interpretation of ambiguous ONLY sentences. Despite their attempts to resolve the ambiguity by making regressions to the Subject NP, low span readers often did not correctly interpret either ambiguous THE or ONLY sentences. Although high and low span readers produced different patterns of eye fixations while reading THE/ONLY sentence, those of young and older adults were similar when matched for memory span.
General Discussion
Comparing the eye fixation patterns of young and older adults in Experiment I with those of high and low span readers in Experiment II supports the hypothesis that older adults, as a group, resemble low span readers. First pass fixation times for ambiguous MV and RRC sentences show similar garden path effects: all readers, regardless of age or working memory span, experience garden path effects for ambiguous RRC sentences, with first pass fixations peaking in region 3. However, young and older adults in Experiment I and high and low span readers in Experiment II did produce different patterns of eye fixations when regressions and total fixation times were analyzed. Like older adults in Experiment 1, low span readers in Experiment II made many regressions from regions 2 and 3 to the Subject NP for ambiguous MV/RRC sentences in order to resolve the ambiguity. In contrast, young adults in Experiment I and high span readers in Experiment II were able to resolve the syntactic ambiguities without recourse to leftward regressions by relying on information in working memory. Total fixation times for older adults in Experiment I also mirrored those for low span readers in Experiment II, further supporting the hypothesis that working memory limitations underlie older adults' sentence processing problems.
Experiment II revealed two differences between high and low span readers that were not assessed in Experiment I. High span readers were able to answer probe questions about all types of sentences correctly with 80% or better accuracy. Low span readers were able to answer the probe questions about unambiguous sentences as well as those about MV sentences with a similar level of accuracy. However, they often misinterpreted ambiguous RRC sentences, incorrectly assigning a MV interpretation.
THE/ONLY sentences In Experiment II revealed another difference in first-pass fixation times as a function of working memory span: First pass fixation times for high and low span readers diverged when the . Eye fixation patterns of high and low span young and older adults: Down the garden path and back again. Psychology and Aging, 19, 157-170.. Publisher's official version: http://psycnet.apa.org/doi/10.1037/0882-7974.19.1.157 . Open Access version: http://kuscholarworks.ku.edu/dspace/.
focus operator ONLY was used to restrict the interpretation of the Subject NP. High span readers allocated additional fixation time to the Subject NP marked by the ONLY operator in order to assess its discourse function; low span readers did not appear to be sensitive to the discourse function of ONLY. First pass fixations by all readers revealed a garden-path effect for the ambiguous THE sentences; however, high span readers, unlike low span readers, were now able to avoid the garden-path effect for the ONLY sentences because they had allocated extra first pass fixation time to Subject NPs marked by the ONLY operator,.
These results are not fully consistent with either of the two dominate theories of working memory and language processing, the CC model of Just and Carpenter (1992) (also the 3CAPS model of Just & Varma, 2002) or the SLIR model of Waters and Caplan (1996a; Caplan & Waters, 1999) . The CC model argues that the capacity of working memory constraints language processing as well as other cognitive abilities. Individuals with working memory limitations should not only have increased difficulty processing syntactically complex sentences but the time course of sentence processing for simple versus complex sentences should vary with working memory. Low span readers should allocate additional processing time at points of processing difficulty and be unable to retain multiple, alternative syntactic representations of ambiguous phrases. In contrast, high span readers should be able to avoid garden-path effects in that they can compute and retain multiple representations of ambiguous phrases until disambiguating information is available. The CC model is supported by the regression patterns: low span readers had more difficulty processing the ambiguous sentences, particularly regions 2 and 3, and they were unable to rely on information in working memory in order to do so. The finding that low span individuals had difficulty correctly answering the probe questions about the ambiguous RRC and THE sentences also supports this model. However, the similarity of first pass fixation times for high and low span individuals for MV/RRC sentences in Experiment II does not support the CC model. Further, both high and low span readers showed a marked garden-path effect at region 3 for the RRC sentences. The differences in first pass fixations for high and low span readers for the THE/ONLY sentences are consistent with CC model: high span readers allocated additional time to interpreting the Subject NP in ONLY sentences and were able to avoid the garden-path for region 3. However, high and low span readers' produced similar first pass fixations patterns for the THE sentences as they did for the MV/RRC sentences and both groups experienced marked garden path effects for these sentences, contrary to the CC model's predictions.
Nor are the results fully consistent with the SLIR model. This model holds that there is a specialized working memory system for interpretative processing that is at least partially distinct from a more general working memory system involved in post-interpretative processing. Individual or group differences as measured by general working memory tests are linked to differences in post-interpretative processing affecting, e.g., question-answering and sentence recall. Interpretative processing, involved in lexical access, syntactic analysis, focus and thematic role assignment, should not affected by such working memory limitations. Hence, the time course of immediate, interpretative processing should be invariant across groups and individuals. This model is supported by several findings in the present studies. First, both young and older adults experienced a gardenpath effect for first pass fixation times with ambiguous RRC sentences in Experiment I and both high and low span readers experienced similar garden path effects for ambiguous RRC sentences in Experiment II. However, several aspects of the results are not consistent with the SLIR model. First, although first pass fixations by high and low span readers were similar for the MV, RRC sentences, and the THE sentences in Experiment II, they differed markedly for ONLY sentences. High span readers allocated additional first-pass time to processing Subject NPs with the ONLY operator and this represents a difference in interpretative processing. Second, it is unclear whether regressions and total fixation times reflect interpretative or post-interpretative processing. . Eye fixation patterns of high and low span young and older adults: Down the garden path and back again. Psychology and Aging, 19, 157-170.. Publisher's official version: http://psycnet.apa.org/doi/10.1037/0882-7974.19.1.157 . Open Access version: http://kuscholarworks.ku.edu/dspace/.
Waters and Caplan have never specified when interpretative processes give way to post-interpretative processes during the time course of sentence processing. Interpretative and post-interpretative processes may be strictly sequential with post-interpretative processes being initiated only after a sentence or clause boundary is reached. If so, the regressions to the Subject NP from regions 2 and 3, and the resulting inflation of total fixation times for ambiguous RRC sentences, by older adults in Experiment I or low span readers in Experiment II would serve interpretative processes. This view is supported by Waters and Caplan's (2001) criticism of the Ferreira and Clifton (1986) study for using a moving window paradigm which did not permit regressive eye fixations, suggesting they would consider regression data to be relevant to interpretative processing. Alternatively, interpretative and post-interpretative processes may be parallel and incremental such that once an syntactic interpretation of one phrase or syntactic constituent is reached, post-interpretative processing can begin while interpretative processing of other phrases or constituents proceeds. If so, the regressions and total fixation times would be seen as serving post-interpretative processes. Waters and Caplan may not have observed such differences between high and low span readers because they have relied on the auditory-moving window paradigm, which does not permit regressions or distinguish first pass from total listening times and they have not studied sentences involving a contrast in focus.
These results are also inconsistent with a more recent model put forth by MacDonald and Christiansen (2002) . This model concedes an overall advantage to high span individuals in terms of speed and accuracy of sentence processing but predicts similar patterns of on-line processing. This model also equates span differences in working memory with a general account of expertise in language processing. Hence, the finding that span scores were not highly correlated with vocabulary scores is inconsistent with this model. This model is also unable to account for the marked differences in regressions for high and low span readers; it was not simply that low span readers made more regressions but they made more regressions for ambiguous sentences than for unambiguous sentences, an interaction that is inconsistent with the model. The model is supported by the finding that high span readers do appreciate the significance of the low frequency ONLY operator and are able to avoid garden path effects for this type of sentence.
In summary, the results from this study of the eye movement patterns of high and low span individuals suggests that revised version of the Just and Carpenter (1972) in which a single capacity-limited working memory system is involved in sentence processing and other cognitive abilities. High and low span individuals experience garden-path effects due to temporary syntactic ambiguities. However, immediate sentence processing is affected by working memory limitations in two ways: First, low span individuals are unable to quickly resolve temporary syntactic ambiguities; as a consequence, low span individuals engage in regressive eye movements in order to recover from misanalyses, inflating total fixation times. High span individuals can access relevant information in working memory to quickly resolve temporary syntactic ambiguities once they are detected. Second, low span individuals are either not sensitive to the contrast in focus between THE and ONLY or they are unable to apply the ONLY operator to restrict the interpretation of the subsequent NP. High span readers can avoid garden path effects by applying the focus operator to restrict their initial interpretation. Hence, a larger working memory enables readers to retain linguistic information and access it quickly to recover from initial mis-analyses and to apply linguistic constraints to avoid such misanalyses; a smaller working memory limits readers' access to low frequency linguistic information and to forces them to compensate for initial mis-analyses by re-reading and re-analyzing critical linguistic information.
In general, the fixation patterns of older adults in Experiment I resembled those of low span readers in Experiment II: Older adults and low span readers who were led down the garden path by ambiguous RRC . Eye fixation patterns of high and low span young and older adults: Down the garden path and back again. Psychology and Aging, 19, [157] [158] [159] [160] [161] [162] [163] [164] [165] [166] [167] [168] [169] [170] .. Publisher's official version: http://psycnet.apa.org/doi/10.1037/0882-7974.19.1.157. Open Access version: http://kuscholarworks.ku.edu/dspace/. sentences made many regressions to the Subject NP in order to resolve temporary syntactic ambiguities in RRC sentences. These regressions also inflated their total fixation times. Young adults and high span readers were also lead down the garden path but they were able to resolve the temporary ambiguity without re-reading the sentence. These parallels between the reading patterns of older adults and low span individuals suggest that other differences between young and older adults, such as overall differences in vocabulary, processing speed, or the efficiency of inhibitory processes do not substantially contribute to older adults' sentence processing problems. Reading Span 2.3 3.9 0.5 0.8 25.600 < .001 . Eye fixation patterns of high and low span young and older adults: Down the garden path and back again. Psychology and Aging, 19, [157] [158] [159] [160] [161] [162] [163] [164] [165] [166] [167] [168] [169] [170] Regressions (and SEs) to the Subject NP for Older Adults and Young Adults for ambiguous MV and RRC sentences and their unambiguous controls. Figure 3 .
Total fixation times in msec/character (and SEs) for Older Adults and Young Adults for ambiguous MV and RRC sentences and their unambiguous controls. Figure 4 .
First pass fixation times in msec/character (and SEs) for High and Low Span readers for ambiguous MV and RRC sentences and their unambiguous controls. Figure 5 .
Regressions (and SEs) to the Subject NP for High and Low Span readers for ambiguous MV and RRC sentences and their unambiguous controls. Figure 6 .
Total fixation times in msec/character (and SEs) for High and Low Span readers for ambiguous MV and RRC sentences and their unambiguous controls. Figure 7 .
First pass fixation times in msec/character (and SEs) for High and Low Span readers for ambiguous THE and ONLY sentences and their unambiguous controls. Figure 8 .
Regressions (and SEs) to the Subject NP for High and Low Span readers for ambiguous THE and ONLY sentences and their unambiguous controls. Figure 9 .
Total fixation times in msec/character (and SEs) for High and Low Span readers for ambiguous THE and ONLY sentences and their unambiguous controls.
